The aim of the study was to identify the characteristics of missions performed by HEMS (Helicopter Emergency Medical Service) crews and the analysis of health problems, which are the most common cause of intervention in rural areas in Poland. The study was conducted using a retrospective analysis based on the medical records of patients provided by the HEMS crew, who were present for the emergencies in rural areas in the period from January 2011 to December 2018. The final analysis included 37,085 cases of intervention by HEMS crews, which accounted for 54.91% of all the missions carried out in the study period. The majority (67.4%) of patients rescued were male, and just under a quarter of those rescued were aged between 50-64 years. Injuries (51.04%) and cardiovascular diseases (36.49%) were the main diagnoses found in the study group. Whereas injuries were significantly higher in the male group and patients below 64 years of age, cardiovascular diseases were higher in women and elderly patients (p < 0.001). Moreover, in the group of women myocardial infarction was significantly more frequent (30.95%) than men, while in the group of men head injuries (27.10%), multiple and multi-organ injuries (25.93%), sudden cardiac arrest (14.52%), stroke (12.19%), and epilepsy (4.95%) was significantly higher. Factors that are associated with the most common health problems of rural patients are: gender and age, as well as the seasons of the year and the values of the Glasgow Coma Scale (GCS), Revised Trauma Score (RTS), and National Advisory Committee for Aeronautics (NACA) used to assess the clinical status of patients.
Introduction
Despite the constant development and progress made in medicine, mortality resulting from various causes, such as cardio vascular diseases, cerebral disorders, and life-threatening injuries, is a huge problem and challenge for health care systems around the world. According to the data from the World Health Organization (WHO), 56.9 million deaths were reported worldwide in 2016, more
The study was carried out on the basis of medical documentation of patients treated by HEMS crew with prior approval of the General Director of the HEMS. The data obtained for the study was gender and age of patients, season and the year of intervention, parameters of the clinical status of the patients, medical procedures undertaken during the mission, main diagnosis according to ICD-10 classification, and the information related to the characteristics of HEMS mission such as duration of the mission, distance to the place of the event and transport to the hospital, type of mission, and the required treatment of the patient. The clinical status was assessed on the basis of clinical symptoms and three scales: Glasgow Coma Scale (GCS), Revised Trauma Score (RTS), and National Advisory Committee for Aeronautics (NACA).
Glasgow Coma Scale (GCS) is widely used for assessing patient awareness by both pre-hospital Emergency Medical Teams and hospital staff. The GCS score consists of three components: visual, verbal, and motor. The visual component is a score from 1 to 4 points, the verbal component a sore from 1 to 5 points, and the motor component a score from 1 to 6 points. The maximum number of points for the GCS scale is 15 points while the minimum is 3 points. GCS values can be divided into three categories of consciousness disorders: severe (GCS [3] [4] [5] [6] [7] [8] , moderate (GCS 9-12), and mild (GCS 13-15) [12] [13] [14] .
Revised Trauma Score (RTS) is the scale used in pre-hospital set up to assess the severity of injuries. It is the weighted sum of the coded variables of Glasgow Coma Scale (GCS), systolic blood pressure (SBP), and respiratory rate (RR). Each variable is scored on a scale of 0 to 4 points, with a maximum of 12 points and a minimum of 0 points. The higher the score the higher the chance of survival. RTS < 5 requires transfer to the trauma centre [14, 15] .
The National Advisory Committee for Aeronautics (NACA) is a commonly used scale for prehospital severity assessment of injury or disease in Western European countries. This scale distinguishes eight groups of patients according to the severity of vital impairment due to injury, illness or poisoning where: -NACA 0 means no injury or disease; -NACA 1 means non-medical injury or illness; -NACA 2 means injury or illness requiring investigation and treatment, but without the need for hospitalization; -NACA 3 means injury or disease without an acute life-threatening situation but requires hospitalization; -NACA 4 means injuries or illnesses that may lead to a deterioration in vital signs; -NACA 5 means injury or illness that is acute life-threatening; -NACA 6 means bodily injury or illness leading to sudden cardiac arrest; -NACA 7 means death [16, 17] .
Statistical Analysis
The data obtained from the medical records were subjected to statistical analysis using STATISTICA 13 program (StatSoft, Cracow, Poland). In the description of the qualitative data, the number (n) and percentage (%) were used, while in the numerical data-the mean (M) and Standard Deviation (SD).
To check the normality of the distribution of quantitative variables, the Shapiro-Wolf normality test was used. The Chi 2 test was used to assess statistically significant differences between quality variables. The Kruskal-Wallis non-parametric test was used to examine the differences between many groups. The significance level was assumed to be p < 0.05. Table 1 presents a detailed description of the examined patients and their clinical condition. The majority (67.4%) of patients rescued were male, and just under a quarter of those rescued were aged between 50-64 years. The average age for the whole study group was 48.87 years (SD 24.03). The main diagnosis that led to HEMS interventions in rural areas were injuries, which accounted for more than half of all cases (51.04%), and the most common were the head injuries (25.94%). The analysis of the clinical status of the patients revealed an average GCS scale of 12.07 (SD 4.50), RTS 10.20 (SD 3.67), and NACA 4.04 (SD 1.49). Table 2 shows the characteristics of the HEMS missions carried out in rural areas. Most interventions were implemented in 2018 (16.20%) and more than a third of HEMS calls were in the summer period (37.61%). More than half of all interventions were sent to accidental events (54.85%). HEMS crew were most often called to assist the ground teams (75.18%), and later involved in patient transport to the hospital (83.32%). The most common medical rescue procedures were spinal board immobilization (33.69%), oxygen therapy (29.16%), and cervical spine stabilization (28.77%). In the records of study material, the mean time of arrival at the site of the event was 16 The statistical analysis showed a statistically significant relationship between the most common diagnoses according to ICD-10 classification and the gender and age of patients, the season of the year, the GCS, the RTS, the NACA scores, and patient death (p < 0.0001). As shown in Table 3 , cardiovascular diseases (42.83%), nervous system disorders (5.17%), respiratory diseases (2.43%), and other diagnoses (3.23%) were significantly more common in the group of women. In the group of men, injuries (54.91%) were more frequent. The analysis shows that younger patients were more frequently diagnosed with injuries (37.28 years) and external causes of illness and death (37.15 years), while in older patients cardiovascular (65.72 years) and respiratory (57.73 years) diseases were more significant (p < 0.0001). The analyzed material revealed that injuries (55.03%) dominated in summer and cardiovascular diseases (43.97%), nervous system diseases (5.48%), respiratory diseases (2.79%), and other diagnoses (3.06%) were mainly noticed in winter. The analysis of the clinical status of the examined patients shows that the patients with cardiovascular impairment appeared mostly in the severe condition, as confirmed by GCS (10.90), RTS (9.08), and NACA (4.36) scales (p < 0.0001). Cardiovascular diseases (15.53%) and external causes of morbidity and death (10.51%) had the highest percentage of deaths among patients treated by HEMS crews in rural areas. The statistical analysis showed a statistically significant relationship between the most common health problems and the gender and age of patients, the season of the year, the GCS, the RTS, the NACA scores, and patient death (p < 0.0001). An analysis of the most common health problems of rural patients shows that acute coronary syndromes (ACS) were significantly more frequent in women (30.95%), while head injuries (27.10%), multiple and multi-organ injuries (25.93%), sudden cardiac arrest (SCA) (14.52%), stroke (12.19%), and epilepsy (4.95%) were more common in the male group. Head injuries (35.71 years) and multiple and multi-organ injuries (38.12 years) were more common in younger patients, while ACS (72.50 years) and stroke (64.87 years) were common in elderly patients (p < 0.0001). The analysis shows that ACS (24.97%), SCA (15.25%), stroke (14.60%), and epilepsy (6.03%) were more frequent in winter, while head injuries (27.68%) and multiple and multi-organ injuries (26.45%) occurred mostly in summer. The most severe clinical condition in the study group was associated with patients suffering from sudden cardiac arrest and multiple and multi-organ injuries, as confirmed by GCS (3.59; 11.47), RTS (2.05; 9.84) and NACA (5.79; 4.49) (p < 0.0001). The highest percentage of patient deaths (48.41%) was recorded in the case of cardiac arrest calls. Table 4 presents the detailed analysis. 
Results

Discussion
According to WHO data, ischemic heart disease and stroke in 2016 led to 15.2 million deaths and are the biggest killers in the world, as they have remained the main causes of death in the last decade [1, 2] . Ensuring public health care security is the priority of all health care systems worldwide. Despite continuous developments in medicine and increasing financial resources for medical care, many countries are still facing problems of unequal access to health care, especially in rural areas [5, 7, 8] . The main reason behind the improper access to health care in rural areas is the distance to health care facilities. The solution found by many countries to eliminate this problem is the establishment of the Helicopter Emergency Medical Rescue Service, which has made it possible to reduce the time of arrival to the event site, that is far from health care facilities, as well as the time of patient arrival at the hospital [11, 18] . The issues of accessibility and actions taken to improve the quality of medical services in rural areas prompted the authors of this paper to present the characteristics of missions performed by HEMS crew and the analysis of health problems, which are the most cause of the HEMS interventions in rural areas. This is the first retrospective analysis carried out in Poland regarding the interventions by HEMS crew in the rural areas covering 37,085 cases, which accounted for over half of all the missions carried out in the analyzed period. Similar results were obtained by Raatiniemi et al. (2015) , who analyzed cases of patients with injuries seen by Finnish HEMS [19] . On the other hand, studies by Goldstein et al. (2015) and Newgard et al. (2017) concerning the analysis of interventions by EMS showed that more frequent medical rescue activities were carried out in urban areas [20, 21] .
In this study, the number of male patients, and patients aged 50-64 years with an average age of 48 2017) also showed that male group patients was significantly higher in number, the mean age of patients in their study was higher than identified in this report [25] [26] [27] [28] .
Our findings showed that injuries and cardiovascular diseases were the most common diagnosis that led to HEMS interventions. The main health problems in the study group with injuries were head injuries and multiple and multi-organ injuries. Carron et al. (2015) demonstrated in their studies that the main causes of emergency intervention were injuries, respiratory failure, and cardiovascular problems [29] . Wang et al. (2013) assessed the characteristics of emergency services in the United States and found that the predominant causes of emergency calls were body injuries, consciousness disorders, fainting, convulsions, and hypoglycemia, followed by chest pain and heart disease [30] . Kornhall et al. (2018) in a study on HEMS interventions in the rural areas in Sweden showed that injuries, chest pain, and SCA were the main causes of HEMS crew disposal [31] . Similar results were obtained by Østerås et al. (2017) in a study on HEMS interventions in Norway [22] .
The literature highlights the aspect of the systematic increase in demand for airborne support in the context of accidents and sudden illnesses in sparsely populated areas. Rapid activation of HEMS crews and the possibility of transporting the injured to distant centres with appropriate references are used in the therapeutic process of patients from rural and difficult-to-reach areas. [11, 18, 32] . The results of our own research allow us to observe a relatively stable demand for HEMS interventions for the population living in rural areas in the years 2011-2016, and then a significant increase in these missions from 2017.
In the further part of the paper, we analyzed the causes and health problems of the rural population that led to interventions by the HEMS crew. The results of our own research showed that injuries were the main problems, and the dominant health problems were head injuries and multiple and multi-organ injuries. It should be emphasized that the problem of injuries resulting from falls, road traffic accidents, and burns is a huge challenge for the public health sector and is the subject of numerous studies [33] [34] [35] [36] [37] [38] . The analysis by Fazel et al. (2012) of the profile of adults injured in Iran found that injuries mainly occurred in men, people aged 33.18 (SD 10.90) years on average, and the further management of the injured person required the transport to hospital [33] . Huang et al. (2016) in their studies described patients injured as a result of road accidents and transported by ambulance. Their results showed that the victims transported by the ambulance are more often men, people aged 50-59 years [35] . On the other hand, Bigdeli et al. (2010) in the study on pre-hospital care of road accident victims in Iran showed that in cities and on national highways traffic accidents are more frequent in spring [37] . In turn, Rzońca et al. (2017) conducted research on the use of HEMS for pedestrian injuries and found that HEMS crew were more often dispatched in summer and the victims were mainly men, people under 44 years of age, who were diagnosed with multi-organ injuries, and transported to the hospital [38] . The results of our own research showed that HEMS intervened in rural areas for head injuries and multiple and multi-organ injuries mainly in men and younger population during summer.
The analysis of our own research shows that cardiovascular diseases were the second main diagnosis. The main cardiovascular diseases were acute coronary syndromes and stroke. Acute coronary syndrome was more frequently diagnosed in women, whereas SCA and stroke was more common in men. Studies reveal that in many countries in the world men are more likely to have worse health and higher mortality, due to numerous conditions, including increased cardiovascular risk, as confirmed in the studies by Hess et al. (2007) and Palomo et al. (2014) [39, 40] . The increased risk of cardiovascular diseases among women is emphasized by Mosca et al. (2011) and Nahhas et al. (2014) [41, 42] . 2017), in their studies on out-of-hospital cardiac arrest, one of the greatest challenges for health care systems around the world, have shown that the average age of people with OHCA (Out of Hospital Cardiac Arrest) is just over 60 years [39, [43] [44] [45] [46] .
Our study reveals that ACS (72.50 years), stroke (64.87 years), and SCA (59.86 years) were more frequent in older patients from rural areas with HEMS crew at their disposal. Marti-Soler et al. (2014) showed a seasonal character of cardiovascular risk factors -higher in winter and lower in summer, which in turn can be defined as the seasonal mortality due to cardiovascular diseases [47] . Our study confirms the above, as our results show that ACS, SCA, and stroke were more frequently diagnosed in winter.
The results of our own research showed that the clinical status of patients seen by HEMS crew varied. The average GCS score was 12.07 and RTS 10.20, while NACA 4.04, which indicates that patients in the analyzed material were most often injured or ill, which could lead to the deterioration, but were not directly life-threatening situations. The analysis shows that the patients suffering from cardiovascular diseases, SCA, and multiple and multi-organ injuries were in most severe clinical condition. Starnes et al. (2018) compared the condition of trauma patients transported by ground and air medical rescue teams from rural areas and revealed that the average GCS score for HEMS was 11.3, and for ground medical teams it was 13.3 [48] . In a study regarding intervention by HEMS in the rural areas in Sweden [22] and Norway [31] , the mean NACA score was 4, with the highest values for SCA and chest pain. However, a study by Kottmann et al. (2018) showed that the clinical status of patients with injuries seen by HEMS crew in Switzerland was assessed as mild to moderate (NACA 1-3) [23] .
Our research is the first Polish retrospective analysis of response by HEMS crew in rural areas with a significant number of cases analyzed covering all HEMS bases of the Polish Medical Air Rescue Service has some limitations. The analysis covers only pre-hospital operations and the assessment of clinical condition on the basis of information available in the medical records of HEMS crew, without the knowledge of further diagnosis and tests carried out in the in-hospital setup. This makes it impossible to trace the entire therapeutic process of patients. However, these limitations do not affect the quality of the performed study. It is necessary to conduct further research on health care in rural areas in order to gain a better understanding of this issue and at the same time ensure the best possible quality of medical services by entities that provide care to patients living in rural areas, both in pre-hospital and in-hospital settings.
Conclusions
The most common causes of HEMS interventions in rural areas were injuries and cardiovascular diseases, of which the most common health problems for patients living in rural areas were head injuries and multiple and multi-organ injuries. Interventions by HEMS crew found that the major group was men and people aged 50-64 years.
Factors that are associated with the most common health problems of rural patients are: gender and age of patients, as well as the seasons of the year, and the values of scale parameters for the assessment of clinical condition of patients. Injuries were significantly more frequently diagnosed in the group of men and younger patients, while cardiovascular diseases were diagnosed mainly in women and elderly patients, which is also confirmed by global trends in morbidity and mortality.
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